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Abstract

Monte Carlo Criticality Calculations with MCNP6-Whisper

Forrest Brown,  Jennifer Alwin,  Michael Rising
Monte Carlo Methods, Codes, & Applications, LANL

Review of MC criticality fundamentals (9am - 11am)
• This portion of the tutorial session is targeted at new or early-career criticality safety analysts to provide a review of basic

concepts, including:  best practices for MC criticality calculations, spectra, lethargy, sensitivity, nuclear data uncertainties, 
etc.

What's new with MCNP6.2 & Whisper-1.1 (11am - 12pm)
• An update on what is the same or different with the 2017 release of MCNP6.2 & Whisper-1.1.

Tutorial on using MCNP6-Whisper-1.1 for NCS validation (1pm - 5pm)
• Whisper-1.1 makes use of MCNP6-generated sensitivity profiles and cross-section covariance data to provide guidance 

for setting baseline USLs for NCS validation. Background & practical application of the new tool will be covered, along with 
discussion of ANS standards.

• Discussion time will be available for specific issues concerning installation, problem resolution, user issues, computational
details, etc.

• Laptops are not required, but participants with laptops & installed MCNP6 can follow the demonstrations hands-on.

Acknowledgment:   This work was supported by the 
US DOE-NNSA Nuclear Criticality Safety Program.



Monte Carlo Criticality Calculations with MCNP6-Whisper LA-UR-17-27058 3

Schedule & Lecture Material

MORNING:
Introduction
Neutron Physics & Statistical Methods   

a) Neutron Spectra 
b) Nuclear Data Sensitivities
c) Covariance Data For Nuclear Cross-sections
d) Correlation Coefficients

Best Practices For Monte Carlo Criticality Calculations

What's new with MCNP6.2 & Whisper-1.1

AFTERNOON:
Validation For Nuclear Criticality Safety
Application To Nuclear Criticality Safety Validation   

a) Introduction
b) Benchmark Selection - Ck's
c) Extreme Value Theory - Bias, Bias Uncertainty 
d) MOS For Nuclear Data Uncertainty - GLLS 

Practical Use Of Sensitivity-Uncertainty Tools   
b) Introduction - Scale-Tsunami & Mcnp6-Whisper
c) MCNP/Whisper - Whisper_mcnp, Whisper_usl 

Examples   
a) Pu Pyrochemical Processing -
b) HEU examples 
c) General Studies

Using Whisper to Support NCS Validation ANS-8.24 Requirements

Lecture notes from:
LA-UR-17-27058,   Brown, Rising, Alwin
Sensitivity-Uncertainty Techniques for 
Nuclear Criticality Safety

Additional notes from:
LA-UR-17-24260,    Brown, Rising, Alwin
Release of MCNP6.2 & Whisper-1.1 -
Guidance for NCS Users 

LA-UR-17-24406,    Brown, Rising, Alwin
Verification of MCNP6.2 for Nuclear 
Criticality Safety Applications 

LA-UR-17-25009, Brown,
Investigation of Clustering in MCNP6 
Monte Carlo Criticality Calculations
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Example 7:   HEU Cylinder with Tantalum Reflection

• None of the benchmarks 
appear to have the same 
neutronics as the application

– Largest Ck in the Whisper example 
output is 0.53 – very low

– Guidance from ORNL 
Scale/Tsunami developers:

0.95 < Ck à great
0.90 < Ck < 0.95  à good

Ck < 0.90  à not so good

– If all Ck’s are low, there is a need 
to expand the benchmark suite, 
add similar benchmarks

– If no similar benchmarks, need 
extra analysis, analyst judgment, & 
margin

– The current benchmark suite for 
Whisper was focused on main needs 
for validation,  few benchmarks with 
Ta

– Need to find more benchmarks with 
Ta reflector & add to Whisper suite,     
if Ta-reflected applications are 
expected

HEU-MET-FAST-100-002

)!F*(u)  vs u

HEU Ta reflection
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Example 8
–

Revisiting a Practical 
Application of the SPSL 

for Pu Metal
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– LANL undertook an effort to define a threshold between un-moderated and 
moderated plutonium metal systems in LA-UR-07-0160, Practical Application 
of the Single-Parameter Subcritical Mass Limit for Plutonium. 

– The goal was to answer the question of when do plutonium metal and water 
mixtures cease to appear as “metal” systems and begin to appear more like 
“solution” systems. 

– The study involving plutonium (239Pu) metal cubes in water was performed 
using MCNP. This study is revisited, and Upper Subcritical Limits (USLs) are 
presented, using WHISPER. 

N = 1,
Mass Per Cube = 5,000 g,
Spacing = N/A

N = 15,
Mass Per Cube = ~1.48 g,
Spacing = 1 cm

Example 8: Revisiting a Practical Application of the SPSL for Pu Metal
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Example 8: Revisiting a Practical Application of the SPSL for Pu Metal



Sensitivity-Uncertainty Techniques for Nuclear Criticality Safety LA-UR-17-27058 227

Example 8: Revisiting a Practical Application of the SPSL for Pu Metal
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Example 9 
–

Pu Critical Mass & USL Curves
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Example 9: Critical-Mass and USL-Mass Curves 
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[ANSI/ANS-8.24 7.2]
The validation applicability 
should not be so large that a 
subset of data with a high 
degree of similarity to the 
system or process would 
produce an upper subcritical 
limit that is lower than that 
determined for the entire set. 
This criterion is recommended 
to ensure that a subset of data 
that is closely related to the 
system or process is not 
nonconservatively masked by 
benchmarks that do not match 
the system as well.

THERMAL

• Average neutron energy causing fission: 
0.00854 MeV

• % of fissions caused by neutrons:     96%; 
3.5%; 0.5%

• Bias+bias uncertainty: 0.01306

• Nuclear data uncertainty: 0.00057

• USL = 0.98046

INTERMEDIATE

• Average neutron energy causing 
fission: 0.519 MeV

• % of fissions caused by neutrons: 
18%; 55%; 27%

• Bias+bias uncertainty: 0.02197

• Nuclear data uncertainty: 0.00162

• USL = 0.96881

FAST
• Average neutron energy causing fission: 

1.92 MeV
• % of fissions caused by neutrons:     

0%; 2%; 98%
• Bias+bias uncertainty: 0.01419
• Nuclear data uncertainty: 0.00073
• USL = 0.97891

Example 9: Critical-Mass and USL-Mass Curves 
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Using Whisper to Support 
NCS Validation

-
ANSI/ANS-8.24 

Requirements & Recommendations
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ANS-8.24

Computer Code System Whisper-1.1

Verification prior to validation 
(document)

Developers run verification suites and 
document results. 

Users must verify installation and 
operation prior to validation. 

Configuration Control Users must manage configuration.

Changes evaluated to determine 
effect on validation

Recommend running MCNP6 
validation_criticality V&V suite 
frequently (daily) to look for changes. 

If changes, determine the cause & fix if 
possible.

If necessary, complete new sensitivity 
profiles for Whisper benchmark library.
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ANS-8.24

Selection and Modeling of Benchmarks Whisper-1.1
Appropriate process parameters correlate 
experiment to application

Whisper selects benchmark 
experiments that are most
similar to the application using 
sensitivity profiles to 
characterize the neutronics of 
each application and 
benchmark for each isotope, 
reaction and energy.

Identify normal and credible abnormal 
conditions when determining parameters 
and values (benchmarks should 
encompass range)

Use the same methods and analysis to 
analyze benchmark and application

Whisper uses same methods 
and analysis for both.

Review benchmarks prior to use (should 
be consistent with modeling capabilities 
of method; drawn from multiple series; 
evaluated by organization performing 
validation)

Benchmark models consistent 
with MCNP6 capabilities; drawn 
from multiple series; modeled 
by experienced MCNP6 users; 
must be reviewed and 
evaluated by organization 
performing validation.

Experienced users responsible for 
modeling benchmarks
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ANS-8.24

Establishment of Bias, Bias Uncertainty,
Margins

Whisper-1.1

Justify positive bias Does not use positive bias.

Base trending parameters on application Establishes USL for each application.
Rejection of outliers based on physical 
behavior or established statistical 
rejection methods

Rejection based on GLLS with iterative-
diagonal χ2 rejection technique.

Calculational margin consistent with 
quality and quantity of benchmarks

Selects similar (quality) benchmarks to 
conduct valid statistical analysis (quantity).

Method consistent with intended use Consistent       (no assumption of normality)
Bias uncertainty allowance for 
measurement uncertainties; limitations in 
representations, statistical and 
convergence uncertainties

Uses experimental and cross-section 
uncertainties; statistical and convergence 
uncertainties; parameter studies used for 
variations in geometry & materials.

Trends used for extrapolation/wide 
interpolation based on cause

Application-specific USL, possible to trend 
with output information or parameter study.



Sensitivity-Uncertainty Techniques for Nuclear Criticality Safety LA-UR-17-27058 236

ANS-8.24

Establishment of Bias, Bias 
Uncertainty, and Margins
Margin of Subcriticality (MOS)

Sufficiently large to ensure calculated 
conditions will actually be subcritical

MOSdata based on sensitivity profiles 
and nuclear data covariances, 
MOScode 0.005 based on MCNP 
developer expert judgment, 
MOSapplication must be applied by NCS 
analyst.

Take into account sensitivity of 
application to variations in fissile 
form, geometry, characteristics. 
Single trend might not be appropriate 
over entire validation applicability.

Application-specific, see case study 
for cubic array of metal pieces.
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ANS-8.24

Adequacy of the Validation

Validation applicability based on 
benchmark applicability (may be 
extended)

Sensitivity profiles to select most 
similar benchmarks, ranked by ck. 
Non-similar benchmarks (extrapolate 
or wide interpolate) have lower ck;
ck < 0.8 requires additional margin 
based on expert judgment.

USL based on CM and MOS USL = 1 – CM – MOS
The validation applicability should not 
be so large that a subset of data with a 
high degree of similarity to the system 
or process would produce a higher 
USL than is lower than that 
determined for the entire set. 
Subset of data closely related to 
application is not nonconservatively 
masked by benchmarks that do not 
match the system as well.

Application-specific USL

See Whisper Case Study Critical Mass 
Curve
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ANS-8.24

• Documentation and Independent Technical Review

– Trending analysis and technical basis
– Validation applicability
– Differences validation applicability – application
– Limitations
– MOS and its basis
– USL and methods to determine
– Independent technical review

• Benchmark applicability
• Input/output files
• Methodology: CM, MOS
• Concurrence with validation applicability
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